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(57) ABSTRACT

Systems and methods for delivery of device along a transport
path are provided. One system includes a transport tube hav-
ing a feed end and a point of use end and a plurality of device
carriers operable to move through the transport tube from the
feed end to the point of use end. The plurality of device
carriers has a common external surface for operation in the
transport tube to allow transport through the transport tube. At
least some of the plurality of device carriers has a different
internal configuration than at least some of other ones of the
plurality of device carriers, wherein the internal configuration
is determined based on at least one physical characteristic of
a device to be inserted therein.

17 Claims, 7 Drawing Sheets

20
™ 2 2B~ 108
Holdi
Rrelgg E'-‘él I D Poisnt of Use % 102
tation M~ #
0ooo 5, N 106
/ / / Aircraft
34 34
28 /

32

Ry




US 9,266,687 B2

Page 2
(56) References Cited FOREIGN PATENT DOCUMENTS
U.S. PATENT DOCUMENTS EP 1077114 2/2001
GB 2429183 2/2007
8,046,898 B2* 11/2011 Blochetal. ................ 29/525.01 JP 2001261154 9/2001
8,805,575 B1* 8/2014 Blochetal. ... 700/219
2005/0006427 Al* 1/2005 Blochetal. .................. 227/112 * cited by examiner



U.S. Patent Feb. 23,2016 Sheet 1 of 7 US 9,266,687 B2

20
N /‘23 25\;-———————--________:
Holding 22 i
Area é o Point of Use :
Y Station
OO0 3, Y a0

24 !
26 | i
/ / / i Aircraft E
34 34 ! .

2 e FIG. 1

32

68—
_’1 ;?V/\,.’ o
77\ &
8/(//

FIG. 2




US 9,266,687 B2

U.S. Patent Feb. 23, 2016 Sheet 2 of 7

FIG. 3



US 9,266,687 B2

Sheet 3 of 7

Feb. 23, 2016

U.S. Patent

9 'Old

¥ 'Old

—»S

26"

001~

g



US 9,266,687 B2

Sheet 4 of 7

Feb. 23, 2016

U.S. Patent

|

L |

¢l

(e 0]
AN
~—

v
o

77

/@N_\

47

0l '©OId

8 'Old
LLL

c6

L '©Old



U.S. Patent Feb. 23,2016 Sheet 5 of 7 US 9,266,687 B2

<t (o]
© ©
< <
X \ I \
o S
e}
© v ]
g
» N
I~ _I 1]
<t <o)
O 0
- h
r 3 \ | \
N
-
o 3 &
L

x
L
h 4

/144

(9]

~




U.S. Patent Feb. 23,2016 Sheet 6 of 7 US 9,266,687 B2

PROVIDE A PLURALITY OF UNIVERSAL
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EXTERNAL SURFACE AND DIFFERENT
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1
SYSTEMS AND METHODS FOR DELIVERY
OF DEVICES ALONG A TRANSPORT PATH

BACKGROUND

The present disclosure relates generally to systems and
method for delivery of devices along a transport path, such as
fastening equipment systems for delivering fasteners to a
workpiece, for example, a portion of an aircraft.

In the production assembly of aircraft, for example, the
substructure of aircraft, such as fuselage frames, along with
wing spars and ribs, are joined to the skin of the aircraft with
thousands of fasteners. These fasteners are of a multitude of
types having variations in diameters and grip lengths. The
installation of fasteners in relatively large aircraft substruc-
tures and skins is typically performed either manually or by
automated fastening equipment.

Delivery systems for delivering the fasteners to the work-
piece of the aircraft generally include a storage device for the
fasteners and a mechanism or system that transports fasteners
from the storage device to the workpiece or fastening device.
For example, in some known systems, a suction head (that
forms part of a pneumatic system) removes fasteners from a
storage area and delivers the fasteners through a delivery tube
using a vacuum. The fasteners are individually stored in holes
of'a predetermined or fixed depth, and only one fastener may
be stored in any given hole. Accordingly, each hole contains
a fastener of a specific configuration, diameter, and grip
length.

The fastener delivery system generally includes a number
of tubes that are used to transport the fasteners of different
sizes (in different transport tubes) from one location to
another. For example, in conventional fastener delivery sys-
tems, one tube is provided for the delivery of each specific
size of product, for example, bolts, nuts, etc. Thus, because of
the large number of different sizes of fasteners, a large num-
ber of transportation tubes (having different diameters) are
used from a holding area to the aircraft, for example, from a
general station to a point of use station at the aircraft. As the
number of different types and sizes of fasteners used
increases, the number of tubes increases, resulting in a very
large system of tubes that can become unmanageable quickly.
In some instances, the number of tubes needed is not simply
cumbersome, but not possible to implement because of space
constraints. Additionally, in cases where an end point of use
station is situated along a portion of the aircraft, such as the
wing while the wing is being drilled and prepared for the
various fasteners, having a large number of tubes, such as
banded together, is cumbersome and sometimes unmanage-
able, or makes difficult maneuvering the end point of use
station along the wing.

SUMMARY

In accordance with one embodiment, a transport system is
provided that includes a transport tube having a feed end and
apoint ofuse end and a plurality of device carriers operable to
move through the transport tube from the feed end to the point
of use end. The plurality of device carriers has a common
external surface for operation in the transport tube to allow
transport through the transport tube. At least some of the
plurality of device carriers has a different internal configura-
tion than at least some of other ones of the plurality of device
carriers, wherein the internal configuration is determined
based on at least one physical characteristic of a device to be
inserted therein.
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In accordance with another embodiment, a method for
transporting a plurality of devices to a point of use via a
transport tube is provided, wherein at least some of the plu-
rality of devices having different physical characteristics
from other ones of the plurality of devices. The method
includes receiving each of a plurality of the devices within a
feed end of the transport tube, wherein the plurality of devices
are disposed within a plurality of carriers configured to con-
form to different physical characteristics of the plurality of
devices. Each carrier also has an external surface configured
for operation within the transport tube. The method further
includes causing each of the plurality of devices to move
along the transport tube from the feed end to the point of use.

The features and functions discussed herein can be
achieved independently in various embodiments or may be
combined in yet other embodiments, further details of which
can be seen with reference to the following description and
drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram illustrating a transport system in
accordance with an embodiment.

FIG. 2 is a diagram illustrating a device holding area hav-
ing a feed end of a transport system in accordance with an
embodiment.

FIG. 3 is a diagram illustrating an end point of use station
of a transport system in accordance with an embodiment.

FIG. 4 is a diagram of a device carrier in accordance with
an embodiment.

FIG. 5 is a diagram of a cross-section of the device carrier
of FIG. 4 taken along the line 5-5 and showing a device
interested therein.

FIG. 6 is a diagram of a cross-section of the device carrier
of FIG. 4 taken along the line 5-5 of the device carrier of FIG.
4 without a device inserted therein.

FIG. 7 is a perspective view of a device carrier in accor-
dance with an embodiment.

FIG. 8 is another perspective view of a device carrier in
accordance with an embodiment.

FIG. 9 is a perspective view of an end plug in accordance
with an embodiment.

FIG. 10 is another perspective view of the end plug of FIG.
9.

FIG. 11 is a cross-sectional view of a device carrier in
accordance with another embodiment.

FIG. 12 is a diagram of device carriers having different
internal configurations in accordance with an embodiment.

FIG. 13 is an illustration of a process for transporting
devices in accordance with various embodiments.

FIG. 14 is an illustration of an aircraft to which devices
may be transported in accordance with various embodiments.

DETAILED DESCRIPTION

The following detailed description of certain embodiments
will be better understood when read in conjunction with the
appended drawings. It should be understood that the various
embodiments are not limited to the arrangements and instru-
mentality shown in the drawings.

As used herein, an element or step recited in the singular
and proceeded with the word “a” or “an” should be under-
stood as not excluding plural of said elements or steps, unless
such exclusion is explicitly stated. Furthermore, references to
“one embodiment” are not intended to be interpreted as
excluding the existence of additional embodiments that also
incorporate the recited features. Moreover, unless explicitly
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stated to the contrary, embodiments “comprising” or “hav-
ing” an element or a plurality of elements having a particular
property may include additional such elements not having
that property.

Various embodiments described and/or illustrated herein
provide systems and methods for transport or delivery of
products or devices, which in one embodiment are fasteners
for an aircraft (e.g., production assembly of an aircraft). For
example, a device carrier, such as a universal carrier, is pro-
vided for transporting fasteners of different types having
variations in diameters and grip lengths along the same trans-
port tube, which may be any type of conduit that allows for
transporting fasteners from one location to another location.
Thus, by practicing various embodiments, a reduced number
of transport tubes may be provided, which in some embodi-
ments, includes using a single transport tube or single trans-
port tube size diameter (instead of a plurality of transport
tubes having different diameters). The carrier is configured as
a common transport device that accommodates receiving
therein different types and sizes of fasteners. In some embodi-
ments, the inner receiving portion of the carrier may be
adjustable for receiving therein different sizes of fasteners. In
other embodiments, different carriers are provided having the
same outer configuration (e.g., diameter), but different inner
configuration (e.g., diameters) to accommodate and maintain
therein different types and sizes of fasteners. In these embodi-
ments, the carrier may be sized based on a maximum device
size to be transported as described herein.

In particular, FIG. 1 illustrates a transport system, which in
this embodiment is a fastener transport system 20. In the
illustrated embodiment, the fastener transport system 20 is
configured for transporting fasteners in an aircraft applica-
tion. However, various embodiments may be used to move
object types of objects or devices, as well as for non-aircraft
applications. Thus, while various embodiments may be
described in connection with a particular application, such as
an aircraft application, the various embodiments may be used
in different applications, such as for transporting objects for
land, air, sea and pressurized space applications, as well as
non-transport or non-mobile platform applications. Addition-
ally, the various embodiments may be used with different
types of transport means for moving the devices from one
location to another.

The fastener transport system 20 may be, for example, a
pneumatic material transport system that includes a reduced
number of transport tubes for transporting objects, which in
the illustrated embodiment are fasteners 22 for an aircraft
(e.g., bolts, screw, rivets, etc.). As shown, the fasteners 22 are
received within a device carrier, referred to herein as a uni-
versal carrier 24, that is configured to move along a transport
channel or path, illustrated as a transport tube 26, from a first
location to a second location located a distance from the first
location. In the illustrated embodiment, the first location is a
holding area 28 (which in various embodiments includes a
feed end 23 of the transport tube 26) and the second location
is an end point of use station 30 (which defines a point of use
end 25 of the transport tube 26), which may be located at an
aircraft 32, for example, on a wing of an aircraft while the
wing is being drilled and prepared for coupling the various
fastener(s) 22.

As can be seen in FIG. 1, the fastener transport system 20
includes a single transport tube 26 that accommodates trans-
porting fasteners 22 of different sizes using the universal
carrier 24. It should be noted that more than one transport tube
26 may be provided, for example, going to different locations
of'the aircraft 32, such as to different end of point use stations
30. In general, a reduced number of transport tubes 26 are
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provided wherein fasteners 22 of different configuration or
sizes are transported through the same transport tube 26.

For example, the holding area 28 may include a plurality of
storage portions 34 (e.g., storage bins) that store fasteners of
different sizes. In one embodiment, the universal carrier 24 is
sized to have a diameter to accommodate (e.g., slightly larger)
the largest fastener 22 (e.g., largest width of fastener) to be
transported through the transport tube 26. Thus, for example,
the inner structure of the universal carrier 24 may be adjust-
able or may be made differently to receive and maintain
therein different sizes of fasteners 24. In the illustrated
embodiment, the inner diameter (D) of the transport tube 26 is
sized and shaped to receive therein and allow movement
therethrough of the universal carrier 24. For example, in one
embodiment, the diameter (D) of the transport tube 26 is large
enough (e.g., slightly larger) than the outer diameter of the
universal carrier 24, which is defined by the largest fastener to
be transported plus the width or diameter of the housing of the
universal carrier 24. Thus, the universal carrier 24 remains
common to the fastener transport system 20. It should be
noted that different sized transport tubes 26 may be used in
relation to different locations based on the size of the largest
fastener 22 to be transported. It should also be noted that the
holding area 28 may be configured to allow for manual or
automatic selection and delivery of the fasteners 22 through
the transport tube 26.

As shown in FIG. 2, the holding area 28 in one embodiment
generally includes an unloading mechanism 40 in communi-
cation with a fastener storage device 42 (which may include
the storage portions 34 (shown in FIG. 1), wherein a control
system 46 causes the unloading mechanism 40 to remove a
fastener 22 (shown in FIG. 1 and which may be preloaded in
the universal carrier 24) having a specific configuration from
the fastener storage device 42 and transport the fastener 22 to
a delivery conduit 48 (illustrated as the transport tube 26 in
FIG. 1), wherein the fastener 22 is delivered to a work station,
such as the end point of use station 30 (shown in FIG. 1). As
shown, the holding area 28 may be disposed within a portable
platform, such as a mobile cart 50, so that a variety of fasten-
ers 22 may be delivered to a plurality of workstations located
throughout a manufacturing facility.

The holding area 28 generally removes and delivers fas-
teners using a pneumatic source 52. In one particular embodi-
ment, the pneumatic source 52 is shop air at, for example, 90
psi (pounds per square inch). The pneumatic source 52 may
be activated by the control system 46 and is in communication
with both the unloading mechanism 40 and the delivery con-
duit 48 through flexible tubing 54. The fittings that connect
the pneumatic source 52 and the flexible tubing 54 are not
shown for clarity. The pneumatic source 52 activates one or a
plurality of vacuum generators 56 to remove a fastener from
the fastener storage device 42 and secure the fastener within
the unloading mechanism 40. The fastener storage device 42
may include a plurality of tubes 58. The tubes 58 may include
seals 60 for engaging the unloading mechanism 40. Once the
fastener 22 is secured within the unloading mechanism 40,
the control system 46 positions the unloading mechanism 40
adjacent the delivery conduit 48, wherein the vacuum gen-
erators 56 are deactivated and the fastener 22 is transported
through the delivery conduit 58 by gravity and by pressurized
air from the pneumatic source 52.

Generally, a fastener 22 is transported through the delivery
conduit 48 (which may be embodied as or connected to the
transport tube 26 shown in FIG. 1) by gravity until the fas-
tener 22 passes beyond a proximity sensor (not shown). When
the proximity sensor detects the presence of a fastener 22, the
proximity sensor notifies the control system 46, and the con-
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trol system 46 then activates the pneumatic source 52.
Accordingly, the pneumatic source 52 provides pressurized
air through the transport tube 26 to deliver the fastener to the
workstation. It should be noted that the workstation may
include an end effector suitable for installing the fastener 22
as described in more detail herein.

It should also be noted that the transport tube 26 may be
fabricated from any suitable material. For example, in some
embodiments, the transport tube 26 is fabricated from flexible
tubing so that the fastener 22 may be delivered to a plurality
of workstations throughout a manufacturing facility. In some
embodiments, the transport tube 26 is fabricated from a rela-
tively soft and flexible plastic such as nylon with a relatively
smooth inner surface to minimize friction between the fas-
tener 22 and the inner wall of the transport tube 26.

In various embodiments, the length of the transport tube 26
may be varied to accommodate the distance from the holding
area 28 to the workstation. It should be noted that the amount
of time that the pneumatic source 52 provides pressurized air
through the transport tube 26 is a function of the length of the
transport tube 26 and the fastener configuration being deliv-
ered. Therefore, the amount of time that pneumatic source 52
is activated is adjusted according to the length of the transport
tube 26.

The unloading mechanism 40 generally comprises an
extractor tool 64 having an extractor catcher 66 attached
thereto. It should be noted that any number of extractor tools
64 and vacuum generators 52 may be provided to remove
fasteners 22 in accordance with specific operating require-
ments.

Generally, the unloading mechanism 40 is positioned adja-
cent the fastener storage device 42 using a linear X-Y posi-
tioner 68 that is activated by the control system 46. More
specifically, the linear X-Y positioner 68 positions the extrac-
tor catcher 66 of the unloading mechanism 40 adjacent the
appropriate fastener storage tube 58 that contains a desired or
requested fastener 22 (which may be performed automati-
cally, semi-automatically, or manually). Accordingly, the X
and Y position of each fastener storage tube 58 is stored
within the control system 46. Additionally, the extractor tool
64, along with the extractor catcher 66 attached thereto, may
be translated in the vertical direction with a vertical axis
positioner (not shown). The extractor catcher 66 is translated
in the vertical direction in order to engage the extractor
catcher 66 with the fastener storage tube 58 for removal of the
fastener 22. Moreover, the vertical axis positioner may be
pneumatically controlled and is therefore activated by the
pneumatic source 52.

In operation, the control system 46 activates the linear X-Y
positioner 68 to position the unloading mechanism 40 adja-
cent the fastener storage device 42, and more specifically, to
position the extractor catcher 66 adjacent the appropriate
fastener storage tube 58. Once the proper extractor catcher 66
is positioned adjacent the appropriate fastener storage tube
58, the vertical axis positioner moves the extractor tool 54 in
the vertical direction until the extractor catcher 66 abuts the
seal 60. Once the extractor catcher 66 is positioned against the
seal 50 of the appropriate fastener storage tube 58, the pneu-
matic source 52 then activates the vacuum generators 56, and
as a result, one or more of the fasteners 22 within the fastener
storage tube 58 moves up against the extractor catcher 56.
Once the universal carrier 24 in which the fastener 22 is
maintained abuts the extractor catcher 66 as shown, a seal
may be created at the interface between the top of the univer-
sal carrier 24 and the extractor catcher 66, thereby causing the
universal carriers 24 to drop back into the fastener storage
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6

tube 58. As a result, the unloading mechanism 40 removes the
top universal carrier 24 with the fastener 22 therein from the
fastener storage device 42.

It should be noted that the holding area 28 and operation
thereof to select and obtain a fastener 22 for transport is
merely exemplary. In particular, different mechanisms or
devices may be used to obtain the fastener 22 for transport,
including other automatic, semi-automatic, or manual means.

FIG. 3 illustrates an example of the end point of use station
30 that may receive fasteners 22 through the transport tube 26.
It should be noted that although the end point of use station 30
is shown with a fuselage section 70 of an airframe, the end
point of use station 30 may be positioned or located, for
example, at a wing section of an airframe as part of an instal-
lation system.

The end point of use station 30 includes an automated
machine 72 disposed on one side of the workpiece (e.g.,
fuselage or wing), also referred to as a first side of the work-
piece, and a hand-held tool 76 disposed on the other side of
the workpiece, or along a second surface of the workpiece.
The automated machine 72 may be supported on a guide
structure (not shown) that can be releasably attached to the
workpiece, such as having guide rails.

The automated machine 72 further comprises an end effec-
tor 74 that is used to perform operations such as drilling a hole
through the workpiece and installing the transported fastener
22 into a hole (once removed from the universal carrier 24).
The end effector 74 is supported within an end effector car-
riage 78 that rides along, for example, rails 80. The fastener
feed unit, which may be the holding area 28 (shown in FIGS.
1 and 2), is positioned at a fixed location remote from the end
point of use station 30, while the end effector carriage 78 rides
along the rails 80 to install fasteners 22. The end effector 24
may include, for example, a drill and conduit (both not
shown) through which fasteners 22 in the universal carriers 24
are delivered from the holding area 28. As another example, a
riveter, which may be an electromagnetic riveter (EMR) or
other device for use in installing other types of fasteners 22,
such as hi-loks or jo-bolts, among others, may be provided.
The end effector 74 may also comprise, for example, an
impact hammer or the like for forcing a lock bolt or similar
type of fastener through a hole drilled through the workpiece.
Any one of the various tools of the end effector 74 can be
moved into a working position aligned with a target location
on a workpiece where a fastener 22 is to be installed, while the
other tools are held in stand-by position, and the selected tool
can be operated to perform an operation on the workpiece.
Operation of the end effector 74 and the hand-held tool 76
may be performed as known in the art.

FIGS. 4 through 6 illustrate a universal carrier 90, which in
some embodiments, is embodied as the universal carrier 24
(shown in FIG. 1). The universal carrier 90 defines a transport
arrangement for different sizes of fasteners that may be trans-
ported through a single transport tube, such as the transport
tube 26 (shown in FIG. 1). The universal carrier 90 generally
includes a body 92 having a common outer surface or dimen-
sion for maintaining therein a fastener 94. As described in
more detail herein, while the outer dimension of the universal
carrier 90 (e.g., the outer diameter) is the same for transport-
ing fasteners 22 of different types (e.g., different widths or
heights), the inner configuration of the universal carrier 90 is
different depending on the fastener 22 to be secured therein
for transport.

The body 92 of the universal carrier 90 in the illustrated
embodiment has a generally cylindrical shape that is comple-
mentary to the inner cross-section of the transport tube 26
through which the universal carrier 90 is to be transported.
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Accordingly, the size and shape of the body of the universal
carrier 90 may be varied as desired or needed based on the
configuration of the transport tube 26. For example, the outer
cross-section of the body 92 may be non-circular, such as
rectangular or octagonal, among other shapes. Additionally,
the body 92 may be formed from any suitable material. In
some embodiments, the body 92 is formed from nylon or a
similar material, such as other synthetic polymers. In other
embodiments, the body 92 may be formed, for example, from
aplastic or similar material. In general, the body 92 is formed
from a material that allows for movement of the universal
carrier 90 through and along the transport tube 26, such as to
allow smooth movement through the transport tube 26. It the
illustrated embodiment, the outer diameter (D,) of the uni-
versal carrier 90 is complementary to the diameter of the
transport tube 26, for example, slightly smaller than the trans-
port tube 26.

The body 92 generally includes an opening 96 at one end
for receiving therein a fastener 22, which in the illustrated
embodiment is a bolt 94 (e.g., a swage bolt). However, any
type of fastener 22 may be transported in accordance with
various embodiments (e.g., screws, pins, hi-lok fasteners,
among others). As can be seen, the inner diameter (D,) of a
bore 98 within the body 92 is dimensioned to have a diameter
that allows for receiving therein the bolt 94. For example, in
some embodiments, the diameter of the bore 98 is slightly
larger than the diameter (D;) of the bolt 94, such that the bolt
94 can slide into the bore 98. It should be noted that the length
of'the bore 98 may be sized to accommodate insertion therein
of'all or a portion of the length of the bolt 94. Thus, when the
bolt 94 is inserted into the bore 98, the head 100 of the bolt 94
may extend beyond the top of the body 92 as illustrated.
However, in other embodiments, the head 100 of the bolt 94 is
flush or co-planar with a top of the body 92.

In the illustrated embodiment, the body 92 includes a
flange 102 having a diameter greater than the remainder of the
body 92. In the illustrated embodiment, the flange 102 defines
atop portion of the body 92 having the opening 96 for receiv-
ing the bolt 94 into the bore 98. As can be seen, the flange 102
(or collar) defines a shoulder 104 (or ledge) along an outer
surface of the body 92. However, in some embodiments, the
entire body 92 has the same outer diameter. In one embodi-
ment, the flange 102 includes therein, surrounding the bore
98, a retaining member 106 that is configured to facilitate
securing and maintaining the bolt 94 within the bore 98. For
example, the retaining member 106 in the illustrated embodi-
ment is a gasket (e.g., an O-ring) such as formed from an
elastomer and having an inner diameter slightly smaller than
the diameter of the bolt 94. Thus, when the bolt 94 is inserted
within the bore 98, the retaining member 106 holds the bolt 94
is position, such as to prevent the bolt 94 from exiting or
slipping out from the bore 98. It should be noted that difterent
types of retaining members 106 may be used, for example, a
spring or other member that provides pressure or friction
against the bolt 94 wherein inserted within the bore 98.

In some embodiments, the opening 96 into the bore 98 is
sized or shaped to accommodate the size and shape of the
head 100 of the bolt 94. For example, the opening 96 may
include angled walls 108 that are complementary to and
receive therein the head 100 of the bolt 94, such as in an
abutting arrangement.

Additionally, opposite the opening 96, namely at an oppo-
site end of the body 92 (and bore 98), a plug 110 (or end plug)
is provided. The plug 110 may define the bottom of the bore
98 and prevent the bolt 94 from extending through the bottom
of the universal carrier 90 during transport. In some embodi-
ments, the plug 110 is formed from a different material than
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the body 92. For example, in one embodiment, the plug 110 is
formed form a metal (e.g., steel) or a material that is magneti-
cally attracted. It should be noted that the plug 110 in some
embodiments has a cup shaped configuration such that at least
a portion of the bolt 94 extends into the plug 110, when the
plug is attached to the body 92. The plug 110 may be secured
within a bottom opening of the body 92 using and adhesive or
other bonding material. In other embodiments, for example as
shown in FIG. 8, the bottom 112 of the body 92 may be
internally threaded (e.g., having threads 111) to engage exter-
nal threads 112 of the plug 110 as shown in FIGS. 9 and 10.
FIG. 7 illustrates a top portion the body 92.

It should be noted that in some embodiments, the plug 110
may be formed from the same material as the body 92 and also
may be integrally formed with the body 92, for example, as a
single unitary piece.

As discussed herein, universal carriers may be configured
to allow transport of different size fasteners 22. Thus, for
example, FIG. 11 illustrates a universal carrier 120 that may
be used to transport different size fasteners 22 along the same
transport tube 26. For example, as can be seen, the diameter
(D,) of the universal fastener 110 is the same as the diameter
(D,) of the universal fastener 90. In particular, at the widest
point, the universal fasteners 90 and 110 have the same diam-
eter, which corresponds to the flange 102 and the flanges 122
and 124, respectively. However, as can be seen, the inner
diameter (D,) of a bore 128 of the universal fastener 110 is
smaller than the bore 98 of the universal fastener 90 to accom-
modate a fastener 22 having a smaller diameter body. Thus, in
this embodiment, the body 130 of the universal fastener 110 is
made thicker to accommodate a narrower fastener 22 therein.
Additionally, it should be noted that the length of the bore 128
is the same in the illustrated embodiment, but may be difter-
ent as described in more detail herein.

Additionally, the opening 126 may be sized and shaped
differently, such as based on the type of fastener 22 to be
received within the universal fastener 110. Additionally, a
region 132 for a retaining member may be made smaller to
accommodate a smaller member than the retaining member
106 shown in FIG. 5. However, different sizes (e.g., widths
and thickness) and shapes of retaining members may be used
as desired or needed. Additionally, the plug 110 may also be
provided on the bottom of the universal carrier 110.

Accordingly, in various embodiments, the fastener trans-
port system 20 allows transport of a plurality of different
types and/or sizes of fasteners 22 using one or more universal
carriers that all have a common external surface for operation
in the fastener transport system 20. Some of the universal
carriers have interior portions that are differently config-
urable or malleable such that a plurality of different universal
carriers or a single one of the universal carriers is configured
to accept and receive therein any one of the plurality of
fasteners exhibiting different physical characteristics, which
in some embodiments is a different size and/or shape, for
example. It should be noted that although the universal car-
riers described in various embodiments are configured and
used to transport fasteners for an aircraft application, various
embodiments may be used to transport different devices, as
well as in aircraft and non-aircraft applications.

It also should be noted that depending on the fastener or
device to be transported by a particular one of the universal
fasteners, an indicia may be provided on an external surface
thereof. For example, the external surface of the body 92 and
130 (as shown in FIGS. 5 and 11) may include visible indicia
to identify and indicate to a user the fastener that may be or is
inserted therein as, for example, once inserted therein, it may
be difficult to determine the type or size of fastener. The
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indicia may be any type of marking or indicator, such as along
aportion or all of the body 92. Thus, the indicia may be a color
coding or marking (e.g., letters and/or numbers), such as a
colored band or marking around a portion of the body 92 and
130, or the entire body 92 and 130 may be colored or marked
differently. In some embodiments, the body 92 and/or 130
may be made, for example, from a material that allows a user
to view the fastener therein (e.g., made from a translucent
material).

Thus, in various embodiments, different universal carriers,
while having the same common external surface, may be
differently configured internally to accept and transport dif-
ferent types and/or sizes of fasteners, for example. In some
embodiments, as shown in FIGS. 5 and 11, the universal
carriers 90 and 120 may have a fixed internal configuration to
accept therein fasteners matching that configuration, which
may include one or more different fasteners (e.g., fasteners
having the same or different diameter or width, and having the
same or different height). Thus, in these embodiments, for
example, the wall of the body 92 and 130 may be made thicker
to accommodate different diameter fasteners therein. In other
embodiments, the thickness of the walls of the bodies of a
plurality ofuniversal carriers may be the same and an insert or
adapter provided to insert within the bores of the universal
fasteners to define different internal configuration (e.g., dif-
ferent shape or size). For example, the insert or adapter may
be inserted within the bore or around a fastener before inser-
tion into the universal carrier to adapt a particular universal
carrier to accept different types and/or sizes of fasteners. It
should be noted that the insert or adapter may be removably or
fixedly secured within the universal carrier.

Thus, in various embodiments, one or more properties or
characteristics of an external surface of the universal carriers
is made common for operation in the same transport tube,
which in the embodiment of FIG. 12, defines a common outer
diameter, namely universal carriers 140, 150, and 160 having
the same diameter (D) at the largest width or diameter of the
bodies 146, 156, and 166 (such as at a flange portion thereof).
However, it should be noted that other external surfaces of the
universal carriers 140, 150, and 160 may be the same or
different. For example, the cross-sectional shapes may be the
same and the lengths of the universal carriers 140, 150, and
160 may be the same (or different). Additionally, and for
example, the main portions of the bodies 146, 156, and 166
may be the same size or different sizes and/or the flanges or
other portions may be the same size or different sizes. How-
ever, in various embodiments, the external surface of the
bodies 146, 156, and 166 that is to be complementary to the
transport tube are made the same. Thus, in FIG. 12, the
universal carriers 140, 150, and 160 are configured to allow
transport through a transport tube having the same inner
diameter.

As can be seen in FIG. 12, while the universal carriers 140,
150, and 160 have the same external diameter, the internal
configuration of the universal carriers 140, 150, and 160 is
different. In the illustrated embodiment, the bores 142, 152,
and 162 of the universal carriers 140, 150, and 160 have
different dimensions, which may be a different width (diam-
eter (D) in the embodiment), such as illustrated by the uni-
versal carriers 140 and 150, and/or a different length, such as
illustrated by the universal carriers 150 and 160. As can be
seen, the universal carrier 160 also has a shorter length (L,)
that the length (L,) of the universal carriers 140 and 150.
However, in some embodiments, the lengths of all of the
universal carriers 140, 150, and 160 may be the same, with the
length of the internal bores 142, 152, and/or 162 of one or
more of the universal carriers 140, 150, and 160 being differ-
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ent. Additionally, the retaining members 144, 154, and 164 of
the universal carriers 140, 150, and 160, respectively, may be
the same or different size, and or positioned at the same or
different axial locations along the bodies 146, 156, and 156 of
the universal carriers 140, 150, and 160.

Various embodiments also provide a method 170 as illus-
trated in FIG. 13 for transporting a device, such as a fastener,
using for example the fastener transport system 20 (shown in
FIG. 1). However, the method 170 may be used in connection
with other systems, such as pneumatic material transport
systems for transporting different devices or materials. Thus,
the method 170 may employ structures or aspects of various
embodiments (e.g., systems and/or methods) discussed
herein. In various embodiments, certain steps may be omitted
oradded, certain steps may be combined, certain steps may be
performed simultaneously, certain steps may be performed
concurrently, certain steps may be split into multiple steps,
certain steps may be performed in a different order, or certain
steps or series of steps may be re-performed in an iterative
fashion.

The method 170 includes providing a plurality of universal
carriers at 172 having a common external surface and difter-
ent internal configurations, for example, as described in more
detail herein. In some embodiments, the external surface is
formed to match or be complementary with the internal sur-
face of a transport tube. Additionally the internal configura-
tion is provided to accept a particular device, such as a type
and/or size of fastener, which may exhibit one or more dif-
ferent physical characteristics. In some embodiments, a plu-
rality of sets of universal fasteners may be provided, for
example, all having a common external surface for operation
in the transport tube (e.g., having at least one common dimen-
sion), but each set having a different internal configuration
based on particular physical characteristics of a device to be
transported using the universal carrier.

The method 170 also includes inserting a device into one or
more of the universal carriers at 174. For example, as
described herein, a fastener may be inserted or loaded into
one or more of the universal carriers, such as loading different
fasteners into different universal carriers having a comple-
mentary interior configuration to the particular fastener.

The method 170 additionally includes causing one or more
of the plurality of universal carriers to move along the trans-
port tube at 176. For example, using air pressure or other
sources of pressure or force, one of the universal carriers is
moved from a feed end to a point of use end (e.g., at a
workpiece of an aircraft).

Thus, various embodiments provide a universal fastener
that allows devices, such as fasteners of different types and/or
sizes to be transported along the same transport tube. For
example, various embodiments may be used to transport fas-
teners to an aircraft 200 as illustrated in FIG. 14. The aircraft
200 includes a propulsion system 210 that includes two tur-
bofan engines 212. The engines 212 are carried by the wings
214 of the aircraft 200. In other embodiments, the engines 212
may be carried by a fuselage 216 (e.g., body of the aircraft
200) and/or the empennage 218. The empennage 218 can also
support horizontal stabilizers 220 and a vertical stabilizer
222.

Thus, a feed end 230 may include, for example, a worksta-
tion 232 connected to a transport tube 234a for transporting
devices, such as fasteners of different sizes to a point of use,
shown as a workpiece 236 on the wing 214 of the aircraft.
Other transport tubes 2345, for example, optionally may be
provided, such as to transport fasteners to other portions of the
aircraft 200, illustrated as a workpiece 238 on the horizontal
stabilizer 220. It should be noted that the transport tubes 234a
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and 2345 may have the same internal dimensions (e.g., diam-
eter) or different internal dimensions, for example, based on
the largest fastener to be transported to the particular portion
of the aircraft 200.

It should be noted that the various embodiments or portions
thereof, such as the systems described herein be implemented
in hardware, software or a combination thereof. The various
embodiments and/or components also may be implemented
as part of one or more computers or processors. The computer
or processor may include a computing device, an input
device, a display unit and an interface, for example, for
accessing the Internet. The computer or processor may
include a microprocessor. The microprocessor may be con-
nected to a communication bus. The computer or processor
may also include a memory. The memory may include Ran-
dom Access Memory (RAM) and Read Only Memory
(ROM). The computer or processor further may include a
storage device, which may be a hard disk drive or a removable
storage drive such as a solid-state drive, optical disk drive, and
the like. The storage device may also be other similar means
for loading computer programs or other instructions into the
computer or processor.

The computer or processor executes a set of instructions
that are stored in one or more storage elements, in order to
process input data. The storage elements may also store data
or other information as desired or needed. The storage ele-
ment may be in the form of an information source or a physi-
cal memory element within a processing machine.

The set of instructions may include various commands that
instruct the computer or processor as a processing machine to
perform specific operations such as the methods and pro-
cesses of the various embodiments. The set of instructions
may be in the form of a software program. The software may
be in various forms such as system software or application
software and which may be embodied as a tangible and non-
transitory computer readable medium. Further, the software
may be in the form of a collection of separate programs or
modules, a program module within a larger program or a
portion of a program module. The software also may include
modular programming in the form of object-oriented pro-
gramming. The processing of input data by the processing
machine may be in response to operator commands, or in
response to results of previous processing, or in response to a
request made by another processing machine.

As used herein, the terms “software” and “firmware” are
interchangeable, and include any computer program stored in
memory for execution by a computer, including RAM
memory, ROM memory, EPROM memory, EEPROM
memory, and non-volatile RAM (NVRAM) memory. The
above memory types are exemplary only, and are thus not
limiting as to the types of memory usable for storage of a
computer program.

It is to be understood that the above description is intended
to be illustrative, and not restrictive. For example, the above-
described embodiments (and/or aspects thereof) may be used
in combination with each other. In addition, many modifica-
tions may be made to adapt a particular situation or material
to the teachings of the various embodiments without depart-
ing from the scope thereof. Dimensions, types of materials,
orientations of the various components, and the number and
positions of the various components described herein are
intended to define parameters of certain embodiments, and
are by no means limiting and are merely exemplary embodi-
ments. Many other embodiments and modifications within
the spirit and scope of the claims will be apparent to those of
skill in the art upon reviewing the above description. The
scope of the various embodiments should, therefore, be deter-
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mined with reference to the appended claims, along with the
full scope of equivalents to which such claims are entitled. In
the appended claims, the terms “including” and “in which”
are used as the plain-English equivalents of the respective
terms “comprising” and “wherein.” Moreover, in the follow-
ing claims, the terms “first,” “second,” and “third,” etc. are
used merely as labels, and are not intended to impose numeri-
cal requirements on their objects. Further, the limitations of
the following claims are not written in means-plus-function
format and are not intended to be interpreted based on 35
U.S.C. §112, sixth paragraph, unless and until such claim
limitations expressly use the phrase “means for” followed by
a statement of function void of further structure.

What is claimed is:
1. A transport system comprising:
a transport tube having a feed end and a point of use end;
a plurality of fasteners;
a plurality of device carriers carrying the plurality of fas-
teners, wherein the plurality of device carriers comprises
a common external surface, and openings having differ-
ent configurations to accommodate different configura-
tions of heads of different ones of the plurality of fas-
teners, at least some of the plurality of device carriers
having a different internal configuration than at least
some of the other ones of the plurality of device carriers,
the internal configuration determined based on at least
one physical characteristic of a fastener to be inserted
therein; and
a source operable to move the plurality of device carriers
through the transport tube from the feed end to the point
of use end, the plurality of device carriers having a
common external surface to allow transport through the
transport tube.
2. A method for transporting a plurality of fasteners to a
point of use via a transport tube, at least some of the plurality
of fasteners having different physical characteristics from
other ones of the plurality of fasteners, the method compris-
ing:
configuring a plurality of carriers to have openings with
different configurations to accommodate configurations
of heads of different ones of the plurality of fasteners;

receiving the plurality of the fasteners within a feed end of
the transport tube, the plurality of fasteners disposed
within the plurality of carriers configured to conform to
different physical characteristics of the plurality of fas-
teners, wherein each carrier has an external surface con-
figured for operation within the transport tube; and

using a source to cause each of the plurality of device
carriers to move along the transport tube from the feed
end to the point of use.

3. The transport system of claim 1, wherein the plurality of
device carriers have a cylindrical body and an external diam-
eter of each of the plurality of device carriers is the same to
define the common external surface.

4. The transport system of claim 3, wherein an internal
diameter of a bore of at least some of the plurality of device
carriers is different than an internal diameter of a bore at least
some of the other ones of the plurality of device carriers to
define the different internal configurations.

5. The transport system of claim 1, wherein the plurality of
device carriers further comprise a retaining member therein,
the retaining member operable to maintain a position of at
least one of the plurality of fasteners within the device carrier.

6. The transport system of claim 1, wherein the plurality of
device carriers further comprise a bore having an opening at
one end configured to receive therein one of the plurality of
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fasteners and an end plug at an end of the bore opposite the
opening, the end plug covering the end opposite the opening.

7. The transport system of claim 6, wherein the end plug is
formed from a metal material.

8. The transport system of claim 1, further comprising one
or more inserts to define the different internal configurations
of the plurality of device carriers, the one or more inserts
configured to be interested into any one of the plurality or
device carriers.

9. The transport system of claim 1, wherein the feed end is
located at a holding area for the plurality of fasteners, and the
point of'use end is located at a workpiece of an aircraft located
remote from the holding area, the source using a pneumatic
air pressure.

10. The transport system of claim 1, comprising a single
transport tube operable to transport the plurality of device
carriers.

11. The method of claim 2, further comprising configuring
the plurality of carriers to have a cylindrical body and wherein
an external diameter of each of the plurality of carriers is the
same to define a common external surface.

12. The method of claim 2, further comprising configuring
an internal diameter of a bore of at least some of the plurality
of carriers to be different than an internal diameter of abore at

10

15

20

14

least some of the other ones of the plurality of carriers to
conform to the different physical characteristics of the plu-
rality of fasteners.

13. The method of claim 2, further comprising configuring
the carriers to include a retaining member therein, the retain-
ing member operable to maintain a position of one of the
plurality of fasteners within the carrier.

14. The method of claim 2, further comprising configuring
the carriers to have a bore with an opening at one end to
receive therein one of the plurality of fasteners and an end
plug at an end of the bore opposite the opening, the end plug
covering the end opposite the opening.

15. The method of claim 14, further comprising forming
the end plug from a metal material.

16. The method of claim 2, further comprising providing
one or more inserts to conform to the different physical char-
acteristics of the plurality of fasteners, the one or more inserts
configured to be interested into any one of the plurality or
carriers.

17. The method of claim 2, further comprising configuring
the plurality of carriers to move through a single transport
tube.



